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It is believed that the basic component of the central engine of quasars, micro-
quasars, and energetic Gamma Ray Bursts are the rotating or the Kerr Black Holes
(BH)[1]. But by using a generic property[2-4] of the metric components of a sta-
tionary axisymmertic rotating metric in its standard form, namely, gφφ = sin
2 θgθθ,
where φ is the azimuth angle and θ is the polar angle measured from the axis of
symmetry, we have found the unexpected and surprising result that (i) in order to
have a mass of a Kerr BH m ≥ 0, it is necessary that its rotation parameter a = 0
and if one insists for an a ≥ 0, one must have m ≤ 0! Thus if the suspected Black
Hole candidates with m > 0 are really rotating they cannot be BHs at all which is
in agreement with some detailed analysis of recent observations[5-8]. However, if it
is assumed that such objects are strictly non-rotating, they could be non-rotating
Schwarzschild BHs (a = 0) with m ≥ 0 if we ignore the physical difficulties associ-
ated with the existence of such objects. This result calls for new theoretical efforts
to understand a vast range of astrophysical phenomenon. If one derives the Kerr
Metric in a straightforward manner by using the Backlund transformation, it is seen
that a = m sinφ. This relationship confirms that a = m = 0 for Kerr BHs.
To describe the axially symmetric stationary Kerr spacetime or any other axi-
ally symmetric stationary spacetime, it is convenient to consider x0 = t, the time
coordinate, and x1 = φ, the azimuth angle. By definition, for such a spacetime, the
metric coefficients are independent of t and φ:
gik = gik(x
2, x3) (1)
Further for a spacetime rotating with increasing φ, it is also required that the
spacetime is invariant under simultaneous inversion of of t and φ, i.e, under the
transformation t→ −t and φ→ −φ[2-4]. This demands that
gt2 = gt3 = gφ2 = gφ3 = 0 (2)
This brings the metric in the following form:
ds2 = gttdt
2 + gφφdφ
2 + g22(dx
2)2 + g33(dx
3)2 + 2gφtdφdt+ 2g23dx
2dx3 (3)
Further, this form of a metric remains unchanged under a coordinate transformation
of the form[2-4]
x2 = x2(x2′, x3′), x3 = x3(x2′, x3′) (4)
1
The above constraints, in turn, imply additional constraints on the metric, and in
particular, if we choose spherical polar coordinates with x2 = r and x3 = θ, then we
should have (see Eqs. (3.3) and (3.30) in Ref.[2] and Eq. (74) in Ref. [3])
g23 = grθ = 0 (5)
and
gφφ = gθθ sin
2 θ (6)
so that eventually the metric is of the form
ds2 = gφφdφ
2 + grrdr
2 + gθθdθ
2 + 2gφtdφdt+ gttdt
2 (7)
It can be seen that Eq.(6) incorporates the physical condition of asymptotic freedom
of the metric[2]
“that the star and its manifold are axially symmetric; i.e. that there exists a
Killing-vector field, ξφ, with closed orbits, which, at radial infinity, is spacelike and
is orthogonal to ξt and has length r sin θ.”
However, note that while gφφ, gtt and gφt are invariant under arbitray tansforma-
tion of the form (4), gθθ in Eq.(6) corresponds to a unique choice of θ[2] Suppose we
subject the metric(7) to the following coordinate transformation (S. Antoci, private
communication):
r → r′ = r; t→ t′ = t; φ→ φ′ = φ; θ → θ′ = f(θ) (8)
where f(θ) is a monotonic function of θ. It can be seen that while, Eq.(5) remains
unaltered under this transformation, Eq.(6) would not be valid unless one fixes
f(θ) = θ uniquely. Physically, this unique choice of θ corresponds to measuring
it from the axis of symmetry and ensuring that gφφ = 0 along the same and the
azimuthal plane lies at θ = 90o. Whenever we adopt this convention of defining θ
uniquely, Eq.(6) would be applicable. On the other hand, if we do not fix θ uniquely,
as mentioned above, i.e, even if we allow the limited freedom of θ → θ′ = θ + θ0,
Eq.(6) cannot be invoked.
This form of the metric, known as the Standard Form, simplifies the Einstein
equations considerably and is widely used for studies of rotating compact objects[9],
stationary axially symmetric rotating wormholes[10], and above all, the rotating
black holes[1].
It may be emphasized that the general form of stationary axisymmetric metric
(in the Standard Form) widely used in the literature is[2,3,9,10]:
ds2 = eλdr2 − eνdt2 + eµr2[dθ2 + sin2 θ(dφ− ωdt)2] (9)
where λ = λ(r, θ), ν = ν(r, θ), µ = µ(r, θ). And ω = ω(r, θ) is associated with the
Relativistic Frame Dragging effect.
Note that Eq.(6) is already incorporated in the foregoing form, i.e, the physical
conditions of asymptotic flatness and measurement of θ w.r.t. the axis of symmetry
are already imposed on the metric.
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The Kerr metric, in the so-called Boyer and Lindquist[1] coordinate has also this
Standard Form:
ds2 = [r2 + a2 +
2mr
ρ2
a2 sin2 θ]sin2θdφ2 +
ρ2
∆
dr2 + ρ2dθ2
+
4amr
ρ2
sin2 θdφdt− (1− 2mr
ρ2
)dt2 (10)
Here m is the mass of the Kerr BH, a is the angular momentum per unit mass and
ρ2 = r2 + a2 cos2 θ; ∆ = r2 − 2mr + a2 (11)
It is easily seen that Eq.(9) is in the form of Eq.(7) where all cross terms except the
one containing dφdt are 0 and where
gφφ = [r
2 + a2 +
2mr
ρ2
a2 sin2 θ] sin2 θ (12)
and
gθθ = ρ
2 (13)
Metric.(10) too uses x2 = r and x3 = θ, is also asymptotically flat and measures
θ uniquely w.r.t. the axis of symmetry.
For instance suppose we subject Eq.(12) to the coordinate transformation (8).
While the LHS gφφ → g′φφ = gφφ would remain unchanged under this transformation,
the RHS will not do so unless θ′ = f(θ) = θ is already fixed uniquely. And unless
we measure θ in this unique fashion, gφφ may not vanish along the axis of symmetry.
It is also known that when one uses the Boyer-Lindquist coordinate, the azimuthal
plane lies at θ = 90o which is also the case with the original Kerr coordinates[11] (but
the original Kerr metric is not in the standard form and Eq.6) cannot be invoked
there). Thus Eq.(6) should be applicable to the Boyer-Lindquist metric but not to
the original Kerr metric[11] (see a cross-check to this effect at the end of the paper).
Then combining Eqs. (6), (12) and (13), we obtain
[r2 + a2 +
2mr
ρ2
a2 sin2 θ] sin2 θ = ρ2 sin2 θ (14)
In the foregoing Eq., by first cancelling sin2 θ from both sides, then using Eq.(11)
on the R.H.S., then transposing and finally using the identity sin2 θ + cos2 θ = 1, it
follows that
a2 sin2 θ(1 + 2mr/ρ2) = 0 (15)
The Eq.(15) tells that either
a = 0; m ≥ 0 (16)
or,
a ≥ 0; 2mr = −ρ2; m ≤ 0, if r ≥ 0 (17)
These foregoing conditions show that there cannot be any rotating BH with m ≥ 0
and if it is assumed that the compact object is strictly non-rotating, i.e, a = 0, only
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then it is possible to have m ≥ 0. Hence if the astrophysical BH candidates having
m > 0 would at all be BHs, must be strict Schwarzschild ones. Further, probable
occurrence of Kerr BHs with negative masses, as apparently allowed by Eq.(17) can
actually be ruled out on the following grounds: Combining Eqs. (11) and (17), one
would have
r2 + 2mr + a2 cos2 θ = 0 (18)
or,
r = −m±
√
m2 − a2 cos2 θ (19)
This is the equation of a 2-D surface and thus if there would be a negative mass
Kerr BH, the associated 4-D spacetime would collapse to a 3-D spacetime. Hence
negative masses (i.e, Eq.[17]) can be rejected in the present context even without
invoking any “Positive Energy Theorem”.
Therefore, we find that although the Kerr solution appears very appealing, in
a strict sense, it is not so because it cannot describe the gravitational field of any
spinning object of finite mass, not even the supposed BHs.
Newman and Janis[12] derived the Kerr metric by starting from the Schwarzschild
form in a method which is “curious” as admitted by themselves. Recall that the
radial variable appearing in the Schwarzschild metric R is very much a real quantity
and is in fact a scalar too. Newman and Janis first effected a coordinate transfor-
mation of the form:
R→ r θ′ = θSchwarzschild (20)
where r is allowed to be a complex variable. After this, they introduced another
transformation of the form
r′ = r + ia cos θ; (21)
where r′ is seen to be the radial coordinate of the Kerr metric. In effect, New-
man and Janis pretended as if r′ were a real variable. But a careful consideration
would convince that no physically allowed coordinate transformation can transform
a purely real variable into a complex one and thus r must be a real variable under
physically admissible transformations. Consequently r′ can truly be a real variable
iff a = 0 which is our Eq. (16). In fact Newman and Janis admitted that
‘‘there is no simple, clear reason for the series of operations
performed on the tetrad to yield a new (different from Schwarzschild)
solution..’’.
On the other hand, Chandrasekhar[13] derived the Kerr metric by starting with
a general axisymmetric stationary metric of the form (7) (but in cylindrical coordi-
nates), and one may wonder why such a general approach too should eventually lead
to apparent incongruities like Eqs. (16-17). While deriving the Kerr metric, Chan-
drasekhar not only used the justified condition that for an empty spacetime, energy
momentum = 0, but he also assumed beforehand that the resultant vacuum space-
time must contain an Event Horizon (EH), mathematically, a “null surface” spanned
by two Killing vectors corresponding to φ and t symmetries. This is in contrast to
the derivation of the vacuum Schwarzschild metric where one does not, beforehand,
force the existence of any EH and where the EH arises on its own. This suggests
that while a spherically symmetric vacuum spacetime does allow the existence of
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an EH for m ≥ 0 (as long as we ignore associated physical problems) a stationary
axisymmetric vacuum spacetime does not do so even when we consider only math-
ematical symmetry arguments (as long as we insist for m ≥ 0). If there would be a
Kerr BH with m > 0, as noted by Carter[14], there would be very severe violation
of causality for the internal solutions because of the occurrence of non-removable
closed timelike curves in regions of finite positive r. Consequently, he noted that
there would be a “breakdown of general relativity” and “the whole theory might
have to be abandoned”. But we see here that there is no “breakdown of general rel-
ativity” and the apparent “breakdown” was either due to pretentious mathematical
“trics” or because of undue assumptions. So what need to be “abandoned” are such
aspects rather than “the whole theory”.
Our result is probably in conformity with Mach’s principle in that for a purely
empty spacetime, rotation cannot be meaningfully defined. It is also in definite
agreement with the recent detection of ultra-relativistic flow with bulk Lorentz factor
(≥ 10) from the Cir X-1, an object without an EH but with strong intrinsic magnetic
field[14]. The latter aspect is again in conformity with interpretation of recent
observations of black hole candidates[5-8]: the so-called Black Hole Candidates do
possess intrinsic magnetic fields which the astrophysical BHs cannot and hence the
BH candidates are not BHs. In practice, none of the astrophysical BH candidates
or any other compact object is expected to be strictly non-rotating and even if we
ignore the evidence for intrinsic magnetic moment in the BHCs, they can hardly be
BHs in view of Eq.(16). On the other hand, they must be ultra compact objects
with physical surface and without any EH.
To summerize, we find that though the Kerr metric has fascinated both relativists
and astrophysicists for 40 years, as long as we are interested in exact spacetime of fi-
nite mass spinning BHs or compact objects, Kerr metric is only of academic interest.
However, for compact objects spinning slowly, the far off gravitational field might
(or might not) be approximated by Kerr metric[2, 16]. Note that despite attempts
made for almost 40 years, nobody has been able to match the external/internal
spacetime of any known physical body (other than a Kerr BH) possessing pressure,
temperature and positive mass-energy density by the Kerr metric[2,16].
This is not to tell that there cannot be spinning objects with valid physical prop-
erties; on the other hand, it only to remind that we have yet not been able to derive
the exact form of the metric associated with any spinning object (except Kerr BH).
And it is a long overdue task for the relativists to derive the exact metric for a
spinning physical object (other than Kerr BH). It is also not difficult to see why the
Kerr metric is valid only for Kerr BHs:
A spinning BH has no mass moment of order higher than l = 1[2,16]. On
the other hand, even if a physical body with finite mass and extent is perfectly
spherical to start with, it would develop deviation from spherical symmetry once it
starts spinning. And a spinning physical fluid with asphericity is likely to develop
moments higher than the l = 1[2].m For instance, one can see the expression for
quadrupole (l = 2) deformity formula for an originally spherical spinning fluid in
Eq(3.60) of ref[2].
Our result that even a spinning BH cannot have finite mass can be cross
checked in the following manner. The Boyer-Lindquist metric(10) can be most
directly derived by using the Backlund transformation[17]. When one does so, the
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following relationship between a and m emerges automatically:
a = m sinφ (22)
Since a and m are constants, but φ is a variable and sinφ 6= 0 (in general), the
foregoing equation can be satisfied iff
a = m = 0 (23)
Thus, unequivocally, a = 0 for Kerr BHs. And this result also confirms that the
Boyer-Lindquist metric (10) incorporates the physical condition f(θ) = θ as much
as Eqs.(6) and (9) do. If one would go through any article on BHs where Boyer-
Lindquist coordinates are used one would find that θ is uniquely measured from the
axis of symmetry and the azimuthal plane is marked by θ = 90o, the prerequisite
for Eq.(6). And since all astronomical objects and physical objects (except few
elementary particles) including the BHCs have m > 0, they are not Kerr BHs.
Thus neither the Quasars, nor the micro-quasars, nor the Gamma Ray Bursts nor
anything else is powered by spinning Kerr BHs contrary to the present astrophysical
paradigm.
However, it is possible that all such astrophysical objects are powered by spin-
ning BH Candidates which have physical surface and intrinsic magnetic fields but
no EH. In other words, all such powerful astrophyical central engines might be pow-
ered, alongwith likely accretion power, by spinning objects which are somewhat akin
to (relativistic) pulsars. Such spinning objects with physical surface and intrinsic
magnetic fields, rather than BHs from which nothing can escape (atleast classically),
are most suitable for understanding the origin of powerful collimated jets and radi-
ation. Such BH candidates, unlike cold Neutron Stars, will be “hot”, i.e, trapped
radiation pressure will play an important role in supporting them, The conventional
mass upper limit of “cold” objects will be irrelevant for them.
Also, unlike strictly Neutron Stars, in strict hydrostatic equilibrium, these ob-
jects may be collapsing at an incredible slow rate and thus generate radiation pres-
sure/heat at their core by virtue of virial theorem (negative specific heat). If any
reader is desires to see Ref.[17] but may not have easy access to it may request the
author for a photocopy of the same.
Acknowledgement: I thank Demos Kazanas (NASA, GSFC) and P.C. Vaidya (of
Vaidya Metric fame) for useful discussions and verifications. Although the algebra
leading to this result is simple and straightforward, it has nevertheless been kindly
verified by Zafar Ahmed, Subir Bhattacharya, Nilay Bhat, S. Sahaynathan, Ravindra
Kaul and Darryl Leiter.
References
[1] Boyer, R.H. and Lindquist, R.W. Maximal analytic extension of the Kerr met-
ric, J. Math. Phys. 8, 265 (1967)
6
[2] Thorne, K.S. in Proc. of international school of Physics (Enrico Fermi), Gen-
eral Relativity, Gravitation & Cosmology (ed. B.K. Scahs) 241 (eq. 3.3) (Aca-
demic Press, New York, 1971).
[3] Hartle, J.B. and Sharp, D.H. Variational principle for the equilibrium of a
relativistic rotating star, Astrophys. J. 147, 317 (1967) (See Eq. 74).
[4] Islam, J.N. Rotating Fluids in General Relativity (Cambridge Univ. Press, Cam-
bridge, England, 1985)
[5] Robertson, S. & Leiter, D. Evidence for intrinsic magnetic moment in black
hole candidates, Astrophys. J. 565, 447 (2002) (astro-ph/0102381).
[6] Leiter, D. & Robertson, S. Does principle of equivalence prevent trapped sur-
faces from being formed in general relativistic collapse process Foun. Phys. Lett.
16, 143 (2003) (astro-ph/0111421).
[7] Robertson, S. & Leiter, D. On the intrinsic magnetic moment in black hole
candidates Astrophys. J. 569, L203 (2003) (astro-ph/0310078).
[8] Robertson, S. & Leiter, D. On the origin of the radio/X-ray luminosity cor-
relation in black hole candidates, Mon. Not. Roy. Astr. Soc. 350, 1391 (2004)
(astro-ph/0402445).
[9] Glendenning, N.K. Compact Stars: Nuclear Physics, Particle Physics, and
General Relativity, (Springer-Verlag, New York, 2000)
[10] Teo, E. Rotating traversable wormholes Phys. Rev. D 58, 024014 (1998)
[11] Kerr, R.P. Gravitational field of a spinning mass as an example of algebrically
special metrics, Phys. Rev. Lett. 11, 237 (1963).
[12] Newman, E.T. & Janis, A.I. Note on the Kerr spinning-particle metric, J. Math.
Phys. 6, 915-917 (1965).
[13] Chandrasekhar, S. The Mathematical Theory of Black Holes, 271- 307 (Claren-
don Press, Oxford, 1983).
[14] Carter, B. Global structure of the Kerr family of gravitational fields, Phys. Rev
174, 1559-1571 (1968)
[15] Fender, R. et al. An ultra-relativistic outflow from a neutron star accreting gas
from a companion, Nature 427, 222-224 (2004) (astro-ph/0401290).
[16] Townsend, P.K. Black Hole Lecture Notes (gr-qc/9707012)
[17] Neugbauer, G. in General Relativity (eds. G.S. Hall & J.R. Pulham) (SUSSP,
Edinburg and IOP, London, 1996) (see p. 73 ).
7
